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Abstract 
In this paper, the orthotropic damping behavior of Nomex honeycomb composites and its 
causes are investigated. The needed specimen sizes for the measurement of the 
frequency-dependent transverse shear moduli (TSM) and fundamental damping 
coefficients of the honeycomb cores were analyzed at first. Then, the effects of cell side 
length and beam orientation on the orthotropic damping properties were explored. The 
results reveal that relatively high TSM (GLT) and damping values (ηWT) can be obtained 
by decreasing the cell side length without adding any additional weight. Damping 
mechanism analysis indicates that the difference in damping contribution of the 
interfacial phase to honeycomb core in different directions leads to the orthotropic 
damping behavior of honeycomb core. This study is helpful to guide the TSM 
measurement and structure design of honeycomb composites. 
Keywords: Honeycomb composite; Experimental/numerical method; Orthotropic 
damping property; Transverse shear modulus; Cell side length 
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1. Introduction 
Nomex honeycomb core has been used as a crucial component in weight-sensitive 
fields such as aerospace and transport packaging, because of its relatively high damping 
properties, excellent out-of-plane specific stiffness, and low dielectric properties [1-3]. 
Among all its dominant properties, the relatively high damping properties are of prime 
importance in the noise and vibration control [4], which improve comfort. Due to the 
unique close-packed hexagonal structure, both of the mechanical and damping properties 
of the Nomex honeycomb core show orthotropic anisotropy. However, the latter and its 
causes are rarely reported. Considering that the Nomex honeycomb core consists of a 
series of polymer materials whose damping properties usually exhibit frequency 
dependence, the frequency-dependent orthotropic damping properties of honeycomb 
composites are explored in this paper. 
The accurate acquisition of the frequency-dependent fundamental damping 
coefficients of the honeycomb core is an important prerequisite for exploring the 
orthotropic damping behavior of honeycomb composites. Since the honeycomb cores are 
usually relatively soft and cannot be tested by the vibration testing directly, limited works 
[5-8] have been done to obtain the damping values of these non-self-supporting 
honeycomb cores. Adams and Bacon [8] tested the damping values of aluminum and 
Nomex honeycomb cores directly with the improved homemade equipment. The results 
showed that the transverse shear damping coefficients in planes (L, T) and (W, T) are 
different. Nevertheless, the effect of frequency on these damping values was not 
discussed. Dynamic mechanical analysis [9] can obtain the damping values under 
continuous frequency directly, but the strict requirement of specimen size and limited 
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testing range of frequency restrict the usage of this method on the honeycomb core. More 
studies focused on the indirect method. For example, several works [5, 6] obtained the 
damping values of honeycomb cores by means of the experimental/numerical method 
(fitting the calculated and experimental modal loss factors of sandwich structures). 
Similar to the results obtained by Adams and Bacon, the damping values of honeycomb 
core exhibits orthotropic anisotropy. The advantage of this strategy is that the calculation 
efficiency is relatively high; however, some of the obtained damping values lack further 
sufficient experimental verification. 
Based on the aforementioned experimental/numerical method, the damping values of 
T722 Nomex honeycomb cores with different phenolic resin thicknesses were obtained 
and analyzed in our previous study [10], where the damping parameters were validated. 
The orthotropic damping behavior of the honeycomb core has also been observed, but its 
cause has not been explored. Furthermore, the results showed that the damping value of 
the phenolic resin was relatively low; nevertheless, the damping contributions of Nomex 
paper and interfacial phase remain unclear. 
In order to investigate the orthotropic damping behavior and its causes of honeycomb 
composites, and avoid most of the limitations faced in the above-mentioned works, the 
frequency-dependent damping values of the honeycomb cores are derived from the 
bending modal loss factors of aluminum/honeycomb sandwich beams in the ribbon (L) 
and cross (W) directions. Subsequently, these values are validated with the honeycomb 
sandwich beam and panel. Then, the effect of structural factor (cell side length) is studied 
to further reveal the damping mechanism. Inspired by the studies of obtaining the relative 
high damping properties of laminated composites through adjusting the fiber orientation 
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[11], the potential application value of orthotropic damping properties of honeycomb 
cores in the obtaining of relative high structure-damping performance of honeycomb 
sandwich composites deserve further study. Therefore, the effect of beam orientation on 
the anisotropic damping properties of honeycomb sandwich structure is explored based 
on the verified TSM and damping coefficients of the honeycomb core at last. 
2. Experiment 
2.1. Materials and fabrication 
Considering that the honeycomb cores with cell side lengths of 1.83 mm and 2.75 mm 
are relatively more widely used in engineering, NH-1-1.83-48 and NH-1-2.75-48 (AECC 
Beijing Institute of Aeronautical Materials) are investigated in this paper. They have the 
same Nomex paper of X612 (X-FIPER New Material Co., Ltd) and volume density of 48 
kg/m3. Aluminum (type 1060) skins are used for all sandwich beams. In addition, carbon 
fiber reinforced polymer (CFRP)/honeycomb sandwich panel in the sequence of [45/-
45/45/-45/honeycomb core/-45/45/-45/45] is prepared to validate the obtained properties 
of the honeycomb core. The basic properties of involved skins are listed in Table 1, 
where the properties of aluminum skin refer to the aluminum alloy manual [12], and the 
tensile moduli and shear moduli of the CFRP skin are tested based on GB/T 3354-2014 
and GB/T 3355-2014, respectively. 
Table 1 Properties of aluminum and unidirectional CFRP skins. 
Material 
E11 
(GPa) 
E22, E33 
(GPa) 
G12, G13 
(GPa) 
G23 
(GPa) 
ν12, ν13 ν23 
ρ 
(kg/m3) 
Aluminum 69 69 25.94 25.94 0.33 0.33 2705 
CFRP 133 5.91 4.72 4.5 0.30 0.35 1560 
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Unidirectional ([0˚]16) and orthogonal ([±45˚]4s) CFRP laminates were fabricated at 
120ºC for 1.5 h under 0.7 MPa after the pre-curing process of 0.5 h at 85ºC. The L- or W-
direction aluminum/honeycomb sandwich beams were glued by the 0.2 mm-thick epoxy 
adhesive film (Shanghai Gongwo, GW-2095) at 120ºC for 2 h under nominal pressure of 
0.15 MPa, and the CFRP/honeycomb sandwich panel was cured at the same pressure as 
the aluminum sandwich beams and the same temperature scheme as the unidirectional 
CFRP laminates. Note that the L-direction sandwich beam denotes the beam whose x-
direction is parallel to the L-direction of the honeycomb core (Fig. 1a), and the W-
direction sandwich beam is defined similarly. 
 
Fig. 1. Material coordinate, specimen, and corresponding vibration testing equipment: (a) 
honeycomb coordinate; (b) sandwich specimen and corresponding interior honeycomb 
cell; (c) modal testing equipment. 
2.2. Specimen dimension and vibration testing 
In order to obtain the damping properties from 500 Hz to 5000 Hz, specimens with 
three different lengths were fabricated for each corresponding type of sandwich beams. 
Since all sandwich beams have the same aluminum skins (0.945 mm in thickness), only 
dimensions of the honeycomb cores are listed in Table 2.  
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To further explore the effect of cutting position, two kinds of typical W-direction 
honeycomb (NH-1-2.75-48) sandwich beams are also tested in this work. The specimens 
are shown in Fig. 1b where the cutting position of the interior honeycomb core in the two 
sandwich specimens is different. Specifically, one has closed honeycomb core on both 
sides (labeled as Specimens C), and the other has opened honeycomb core on at least one 
side (labeled as Specimens O). The same dimension configuration as shown in Table 2 is 
used for these two types of specimens. 
There are at least five parallel specimens for each kind of aforementioned beams, and 
all specimens were placed at least one day at room temperature before testing. 
Table 2 Dimensions of honeycomb cores used in sandwich beams. 
Core material Orientation Length (mm) Width (mm) Thickness (mm) 
NH-1-1.83-48 
L 350/310/270 32.5 12.15 
W 350/310/270 32.5 12.90 
NH-1-2.75-48 
L 350/310/270 32.5 12.18 
W 350/310/270 32.5 12.18 
The vibration testing is performed by means of the hammering method as shown in 
Fig. 1c. More specifically, the nylon hammer (type LC02) introduces the excitation 
signals and the acceleration transducer (type 1A801E) with a weight of 1 g collects the 
response signals. Then, the captured signals are digitalized and processed by a dynamic 
signal analyzer (type DH5299N). Finally, the frequency response functions (the ratio of 
the response signal to the excitation signal after fast Fourier transform) are obtained. 
All specimens were suspended by the thin wires in order to reduce the effect of 
clamping boundaries as much as possible [13]. In addition, the excitation position and the 
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response position were unified for all specimens. The maximum frequency resolution 
adopted in this work was 0.391 Hz, which was determined indirectly by setting the value 
of sampling frequency (12.8 kHz) and the number of sampling points (32768). Among 
the settable frequency resolutions, this frequency resolution was sufficient to ensure that 
all interested peaks of frequency response functions were recorded well. Ten times 
effective excitations were carried on each excitation point based on the coherence 
functions, and the average frequency response curves were used to calculate the modal 
loss factors and natural frequencies. Specifically, the natural frequencies are the 
frequencies corresponding to the resonance peaks, and the modal loss factors are 
calculated based on the half-power bandwidth method. 
3. Mathematical model and principle of experimental/numerical method 
3.1. Mathematical model 
In this work, the damping values of the honeycomb core are derived from the modal 
loss factors of the sandwich structure. According to the modal strain energy method, the 
modal loss factor can be defined as modal dissipated energy per unit modal strain energy. 
For the honeycomb sandwich structure, the thickness ratio of the honeycomb core to the 
aluminum skin is relatively large, and the in-plane moduli of the honeycomb core are 
relatively small [6, 14]. Therefore, the modal strain energy of the honeycomb sandwich 
structure is mainly contributed by the in-plane strain energy of the skin and the transverse 
shear strain energy of the core. The rth modal loss factor of the sandwich structure can be 
calculated by Eq. (1) [14]. 
  skin hc skin skin WT WT LT LTSW
t t t t
r r r r r
r U U U U U
U U U U
  
 
 
                       (1) 
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where θ is the angle between the x-direction and L-direction of honeycomb core (Fig. 
1a); 
skinU  and hcU  are the dissipated energy of the skins and the core, respectively; 
ηSW and Ut are the loss factor and strain energy of the integral structure, respectively; ηskin 
and Uskin are the loss factor and strain energy of the skins, respectively; ηLT and ηWT are 
the damping coefficients of honeycomb core in the planes (L, T) and (W, T), 
respectively; ULT and UWT are the strain energy of honeycomb core in the planes (L, T) 
and (W, T), respectively. 
For the aluminum/honeycomb sandwich structure, the modal loss factors of sandwich 
structure (ηSW) and aluminum skin (ηskin) in Eq. (1) are obtained by modal testing 
directly; the modal strain energy of sandwich structure (Ut) and aluminum skin (Uskin) in 
Eq. (1) are extracted directly after the modal calculation. Nevertheless, the modal strain 
energy of the honeycomb core (ULT and UWT) in the material coordinate system cannot be 
extracted directly; it is calculated by an APDL program in ANSYS 14.5. Specifically, the 
modal strain energy (ULT and UWT) was calculated by Eqs. (2) and (3): 
2
LT
LT LT
elements elements LT
1
d d d
2
e
e
U U x y z
G

                                  (2) 
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WT
WT WT
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1
d d d
2
e
e
U U x y z
G

                                (3) 
where the σLT and σWT are the node shear stresses in planes (L, T) and (W, T), 
respectively. On the basis of the first shear deformation theory (FSDT), these transverse 
shear stresses have a quadratic relationship with the element thickness (z) [15]. The 
integral form of these shear stresses in the plane (x, y) depends on the specific type of 
element. In this work, SHELL 181 which was used to model the honeycomb sandwich by 
Arunkumar et al. [16] is adopted in this work, and the accuracy of this element is 
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governed by the FSDT. The expression of transverse shear stresses of SHELL 181 with 
the element thickness can be calculated as Eq. (4): 
   2, , ,    LT, WTpk pk pka x y z b x y p                              (4) 
where k is the number of the element. Substituting the node shear stress values (σxz or σyz) 
on the upper and lower surfaces of this element into Eq. (4), the corresponding 
coefficients (ak and bk) can be obtained. For Shell 181, the stress or strain in the element 
is independent of the in-plane coordinates. Then, the transverse shear strain energy (ULT 
and UWT) of honeycomb core can be obtained by substituting the Eq. (4) to Eqs. (2) and 
(3), respectively. The TSM (GLT and GWT) of the honeycomb core in Eqs. (2) and (3) are 
obtained by the experimental/numerical method in the next section. 
3.2. Principle of experimental/numerical method 
Since the specimen size and boundary conditions have been determined, the natural 
frequencies of the aluminum/honeycomb sandwich structure mainly depend on the in-
plane mechanical properties of the aluminum skins and TSM (GLT and GWT) of the 
honeycomb core. The mechanical parameters of 1060 commercial-purity aluminum are 
given in Table 1, and it was confirmed that these parameters were scarcely affected by 
the frequency [10]. 
For the L-direction sandwich beam, the relatively thick straight walls in L-direction 
are the primary force-bearing structure. These relatively thick walls are parallel to the 
shear stress direction, which means that the out-of-plane bending modal natural 
frequencies of the L-direction beam highly depend on GLT. Moreover, sensitivity analysis 
shows that the natural frequencies of the L-direction sandwich beam are scarcely affected 
by the GWT. Therefore, among the material parameters that determine the natural 
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frequencies of L-direction honeycomb sandwich beam, the unique unknown parameter 
GLT can be obtained by fitting the calculated and experimental natural frequencies. For 
the L-direction sandwich beam with a fixed length, the GLT of honeycomb core is 
sequentially changed to make the difference of the first five-order natural frequencies 
between the calculation and experiment be less than 0.5% [17]. Then, the values of GLT at 
corresponding natural frequencies are obtained. Subsequently, the transverse shear strain 
energy, ULT, is calculated by means of ANSYS 14.5, and the damping values of ηLT are 
further obtained by Eq. (1). Similarly, the frequency-dependent GWT and ηWT can be 
obtained from the modal parameters of the W-direction sandwich beam.  
4. Results and discussion 
4.1. Evaluation of specimen size for the measurement of TSM and damping values 
To evaluate the needed specimen size, the effect of cutting position on the properties 
of the W-direction aluminum/NH-1-2.75-48 sandwich beams is explored in this section. 
Fig. 2 reports the GWT and ηWT of NH-1-2.75-48. For TSM, GWT of Specimens C is about 
14% higher than that of the Specimens O, which is mainly caused by the different cutting 
positions. As shown in Fig. 1b and Fig. 2a, there are eight pairs of intact inclined walls in 
the width direction in Specimens C while seven in Specimens O. Furthermore, there are 
some of the half-baked inclined walls on the side edge of Specimens O. On the one hand, 
one side of these incomplete inclined walls is free. On the other hand, they suffer certain 
damage inevitably when cut, which means that their ability to carry stress is limited [18]. 
For the transverse shear deformation of the W-direction sandwich beam, the shear stress 
in honeycomb core is almost entirely borne by the inclined walls [19]. The number of 
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unbroken inclined walls of the former is 14.29% more than that of the latter, which shows 
good consistency with the difference of GWT. 
 
Fig. 2. TSM and damping values of NH-1-2.75-48 with different cutting positions: (a) 
GWT; (b) ηWT. 
According to the above experimental results and theoretical analysis in the previous 
section, the difference of GWT depends on the difference in the number of intact inclined 
walls. Similarly, the difference in the number of relatively thick straight walls determines 
the difference of GLT. Therefore, for the L- and W-directions honeycomb cores (Fig. 3), 
the maximum differences introduced by the cutting position among the test TSM of 
parallel specimens are 1/(m1-1) and 1/(m2-1), respectively, where m1 and m2 are the 
maximum number of straight walls and pairs of intact inclined walls that can be 
contained in the W-direction and L-direction, respectively. The corresponding specimen 
widths w1 and w2 are shown in Fig. 3, where l is the cell side length of the honeycomb 
core. Therefore, the maximum differences of GLT (DGLT) and GWT (DGWT) among the 
test specimens can be evaluated as DGLT ≈ sqrt(3)l/(2w1) and DGWT ≈ 3l/(2w2-l), 
respectively, which reflects the discrete degree of the test results. 
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Fig. 3. L-direction and W-direction honeycomb cores. 
It needs to be pointed out that the above analysis mainly focuses on the case where 
the shear deformation of the honeycomb core in the plane (L, T) or plane (W, T) is 
dominant, which is not limited by the specific testing method. In other words, for the 
measurement of TSM of honeycomb cores with different cell side lengths, the stipulation 
about the geometry of test specimens in standard ASTM C273/C273M [20] can be 
further refined. For example, for a honeycomb core with a relatively large cell side length 
(e.g., 4.5 mm), if DGLT and DGWT are to be controlled within 10%, the specimen widths 
used to test the GLT and GWT should be not less than 39.84 mm and 68 mm, respectively. 
No matter how many intact inclined walls are deformed in the bending mode of the 
sandwich structure, the dissipated energy per unit strain energy is unchanged. Therefore, 
it is easy to understand the interesting phenomenon (Fig. 2b) that the damping values of 
the honeycomb cores are roughly equivalent. It indicates that the process of the obtaining 
of damping values has a relatively low requirement for specimen size. In order to keep a 
proper length-width ratio about 10:1 [21] and width at the same time, the length of the 
specimen may be more than 500 mm, and the corresponding equipment for specimen 
fabrication is unavailable for us. Therefore, a compromise that the specimen with the 
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width of 32.5 mm continues to be used, and simple arithmetic averages of GWT for NH-1-
2.75-48 between the two aforementioned situations are used in the following sections. All 
these values will be validated in Section 4.2.3. 
4.2. Effect of cell side length on the fundamental orthotropic damping coefficients 
4.2.1. TSM of honeycomb cores 
After determining the size of the specimen, the TSM of honeycomb cores are 
obtained by fast fitting the calculated and experimental modal natural frequencies. The 
frequency-dependent GLT and GWT of honeycomb cores are reported in Fig. 4, where the 
GWT of NH-1-1.83-48 is roughly equal to that of NH-1-2.75-48, and the GLT of the 
former is about 10% higher than the latter. A similar trend was shown in reference [8] in 
which the GLT of A1-64-3 is about 7.6% higher than that of A1-64-5 by shear testing, 
where the three symbols denote Nomex honeycomb, bulk density, and cell size, 
respectively. 
 
Fig. 4. TSM of different honeycomb cores: (a) GLT; (b) GWT. 
4.2.2. Effect of cell side length on the orthotropic damping coefficients 
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The damping values of honeycomb cores with different cell side lengths are 
calculated by Eq. (1) after obtaining the TSM of honeycomb cores. These damping 
values under different frequencies are reported in Fig. 5, where the ηLT of NH-1-1.83-48 
is slightly higher than that of NH-1-2.75-48 (Fig. 5a) while the ηWT of the former are 
about 7% higher than that of the latter (Fig. 5b). The damping values of Nomex 
honeycomb cores with different cell side lengths and volume densities tested by Adams 
and Bacon [8] under the quasi-static conditions are 1.61% - 1.78%, which are relatively 
lower than the damping values between 600 Hz and 4000 Hz in this work. 
 
Fig. 5. Damping values of different honeycomb cores: (a) ηLT; (b) ηWT. 
For the honeycomb core in the plane (L, W), the length of Nomex paper per unit area 
is about 8×sqrt(3)/(9l). Therefore, the length of the interface (including the interface 
between the Nomex paper and phenolic resin as well as the bonding interface between 
Nomex paper and Nomex paper) per unit area in NH-1-1.83-48 is about 50% longer than 
that of NH-1-2.75-48. This means that when the cell side length of honeycomb core 
changes from 2.75 mm to 1.83 mm, the mass of Nomex paper increases by about 50%. In 
order to maintain the same volume density (48 kg/m3), the phenolic resin reduces the 
same mass. 
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The dissipated energy of honeycomb core during deformation is mainly contributed 
by the microfiber friction of Nomex paper, the intermolecular friction of phenolic resin, 
and the interfacial friction. For the transverse shear deformation of honeycomb core in 
the plane (L, T), most of the total strain energy is stored in the straight walls [19]. As 
shown in Fig. 5a, the damping difference of ηLT between the two types of honeycomb 
cores is very small although the mass fraction of each component varies greatly. Since 
the straight walls are parallel to the plane (L, T) and the Coulomb friction in the 
interfacial phase is relatively hard to take place, relatively small difference of ηLT implies 
that the damping value of Nomex paper is approximately equal to that of the phenolic 
resin. In comparison with the L-direction core, the interfacial friction is relatively easy to 
take place in the transverse shear deformation of inclined walls in the W-direction core. 
Therefore, the damping value of ηWT increases by about 7% as shown in Fig. 5b when the 
length of interface increases by 50%, which means that the damping value of the 
interfacial phase is higher than that of the other two components. The relatively large 
difference of ηLT also reveals that the difference in energy consumption of the interfacial 
phase in different honeycomb orientations of leads to the orthotropic damping properties 
of honeycomb core. 
Compared with NH-12.75-48, NH-1-1.83-48 has relatively higher GLT and ηWT in the 
entire interested frequency range. Overall, the GWT and ηWT of the two kinds of 
honeycomb cores are roughly equivalent. 
4.2.3. Validation of the TSM and damping values 
In order to validate the obtained mechanical and damping values above, adopting 
these parameters, modal parameters of 45˚-direction aluminum/honeycomb sandwich 
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beams and CFRP/honeycomb sandwich panel (300 mm in length and 200 mm in width) 
are calculated and compared with the corresponding experimental results. In the vibration 
modes of the aforementioned sandwich structures, both of the WT t
rU U  and LT t
rU U  
cannot be neglected, which means that the parameters (GLT, GWT, ηLT, and ηWT) of the 
honeycomb core can play a role in the vibration modes of the corresponding honeycomb 
sandwich structures. Thus, the parameters of the honeycomb core can be validated by 
comparing the calculated and experimental modal parameters of these sandwich 
structures. Taking NH-1-2.75-48 as an example, the results are reported in Fig. 6. 
 
Fig. 6. Parameters validation by: (a) 45˚-direction aluminum/honeycomb sandwich beam; 
(b) CFRP/honeycomb sandwich panel.  
As shown in Fig. 6a, the first six-order calculated modal natural frequencies and loss 
factors match with the experimental results well for the 45˚-direction sandwich beam, and 
the corresponding maximum deviations are -0.47% (the second mode) and 2.69% (the 
sixth mode), respectively. It indicates that the obtained mechanical and damping values 
of the honeycomb core are reliable. 
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In the case of CFRP/honeycomb sandwich panel, the thin skins suffer a certain degree 
of mechanical properties loss during the one-step forming process, due to its relatively 
low forming pressure and insufficiently smooth surface. Therefore, the calculated natural 
frequencies are always larger than the corresponding experimental results as shown in 
Fig. 6b. As for the modal loss factor, the damping values of the main components are 
obtained from the beam with a relatively small surface. Considering that the structure 
with a relatively large surface has relatively high additional air damping [24], when these 
parameters were used to calculate the modal loss factors of the sandwich panel, the 
measured modal loss factors should be greater than the calculated results in theory. 
However, the larger the skin stiffness is, the larger the strain energy ratio (SER) of the 
core is. Hence, the overestimated mechanical properties of CFRP skin result in the 
overestimated SER of the core. Since the damping property of the core is higher than the 
skin at relatively low frequencies, the overestimated SER of the core further leads to the 
overvalued damping values of the sandwich structure at relatively low-order modes. 
Therefore, the deviations between the calculated and experimental loss factors at 
relatively low-order modes are relatively small. 
4.3. Effect of beam orientation on the orthotropic damping behavior 
According to the aforementioned results, the orthotropic damping properties of 
honeycomb core mainly result from the difference of damping contribution of the 
interfacial phase in different directions. Therefore, the angle-ply aluminum/honeycomb 
sandwich beams with a length of 350 mm are investigated to reveal the effect of beam 
orientation on the specific orthotropic damping behaviors. Using the validated frequency-
dependent fundamental damping coefficients and TSM, the first three bending and 
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torsional modal loss factors with different beam orientations are obtained by Eq. (1). The 
results are reported in Fig. 7, where the 0˚-direction beam is the L-direction sandwich 
beam and the 90˚-direction beam is the W-direction sandwich beam. Since the results of 
these two types of sandwich structures are similar to each other, only the results of 
aluminum/NH-1-2.75-48 are shown for simplicity. 
 
Fig. 7. Variation of modal loss factors of honeycomb sandwich beams and SER of 
honeycomb core with beam orientation θ: (a) first three bending modal loss factors; (b) 
first three torsional modal loss factors; (c) SER in the first three bending modes; (d) SER 
in the first three torsional modes.  
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The damping values of the honeycomb sandwich structure depend on both the 
damping coefficient and the SER of each component. As shown in Fig. 7c and 7d, the 
SER of honeycomb core in the relatively low-order modes (including the first bending, 
second bending, and first torsional modes) increases gradually when the beam orientation 
changes from 0˚ to 90˚. As reported in Fig. 5, the W-direction (90˚) honeycomb core has 
relatively higher damping values than that of the L-direction (0˚) honeycomb core at a 
relatively low frequency. Consequently, these relatively low-order modal loss factors 
increase with the increasing θ. The situation is opposite at a relatively high frequency 
where the ηLT is about 6% higher than ηWT (Fig. 5), which leads to the result that the 
remaining relatively high-order modal loss factors decline with the increasing θ. 
The damping value of honeycomb core increases with the frequency as shown in Fig. 
5, and relatively high vibration mode has a relatively high natural frequency. Therefore, 
the damping coefficient of the honeycomb core is high at a relatively high vibration 
mode. For the out-of-plane bending modes, the SER of honeycomb core increases with 
the increasing vibration mode (Fig. 7c). Thus, the bending modal damping value 
increases with the increasing vibration mode rapidly, as shown in Fig. 7a. For the 
torsional modes, the SER of the honeycomb core has a nearly linear decline with the 
increasing vibration mode (frequency). In the meanwhile, the damping value of the 
honeycomb core increases approximately logarithmically with the frequency (Fig. 5). 
Therefore, the torsional modal damping values of the honeycomb sandwich beam 
increase first and then decrease. But the high-order modal loss factors decrease with the 
increasing beam orientation as mention above, which leads to the inconsistent damping 
behavior for the sandwich beam with different beam orientations as shown in Fig. 7b. 
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The honeycomb materials are usually not used alone in practical engineering 
applications, so the performance of the honeycomb sandwich structure needs to be 
considered. For the investigated honeycomb sandwich beams, the thickness ratio of core 
to the skin is larger than ten, and the elastic modulus of the skin is about three orders of 
magnitude higher than that of the investigated honeycomb cores. Therefore, as shown in 
Eq. (5), the main excellent mechanical properties like the static bending stiffness (D) are 
mainly dependent on the mechanical properties of the skins and the physical dimension 
of each component [23].  
 
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23 3
s s c s2 s s c c2 d
6 2 12
q
q
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q
t
q
E wh h hE wh E wh
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

                         (5) 
where Es and Ec are the elastic moduli of skin and honeycomb core, respectively; hs and 
hc are the thickness of skin and honeycomb core, respectively; w is the width of the 
honeycomb sandwich structure. Since the skin materials and physical dimensions are the 
same for all the sandwich beams with different beam orientations, the static bending 
stiffness of these sandwich beams is approximately equal to each other. Therefore, when 
the static bending stiffness and damping property of the sandwich beam should be 
considered at the same time, the 90˚-direction sandwich beam might be the candidate at a 
relatively low frequency and the 0˚-direction sandwich beam might be the candidate at a 
relatively high frequency (1200 - 4000 Hz). 
5. Summary 
The frequency-dependent orthotropic damping properties of honeycomb composites 
are investigated by means of the experimental/numerical method. The effects of cutting 
position, cell side length and beam orientation are discussed. Several conclusions are 
summarized as follows: 
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(1) For the measurement of TSM of honeycomb core, the relationship between the 
theoretical maximum difference and specimen width is quantified. For the measurement 
of damping values, the requirement for the specimen size is relatively low, which shows 
relatively high robustness. 
(2) Without increasing any weight, within a certain range of cell side length, the 
smaller the cell side length of the honeycomb core is, the higher the GLT and ηWT the 
honeycomb core has. Truly, in the meantime, the cost will increase with the increasing 
mass fraction of Nomex paper. 
(3) The anisotropic damping properties of the honeycomb core are mainly caused by 
the different energy dissipation contributions of the interfacial phase to honeycomb core 
in different directions. For the application scenarios where the bending stiffness and 
damping property of the sandwich beam need to be considered first, the W-direction and 
L-direction sandwich beams will be the candidate at a relatively low frequency and a 
relatively high frequency, respectively. 
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Figure captions: 
Fig. 1. Material coordinate, specimen, and corresponding vibration testing equipment: (a) 
honeycomb coordinate; (b) sandwich specimen and corresponding interior honeycomb 
cell; (c) modal testing equipment. 
Fig. 2. TSM and damping values of NH-1-2.75-48 with different cutting positions: (a) GWT; 
(b) ηWT. 
Fig. 3. L-direction and W-direction honeycomb cores. 
Fig. 4. TSM of different honeycomb cores: (a) GLT; (b) GWT. 
Fig. 5. Damping values of different honeycomb cores: (a) ηLT; (b) ηWT. 
Fig. 6. Parameters validation by: (a) 45˚-direction aluminum/honeycomb sandwich beam; 
(b) CFRP/honeycomb sandwich panel. 
Fig. 7. Variation of modal loss factors of honeycomb sandwich beams and SER of 
honeycomb core with beam orientation θ: (a) first three bending modal loss factors; (b) 
first three torsional modal loss factors; (c) SER in the first three bending modes; (d) SER 
in the first three torsional modes. 
